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DESCRIPTION 



FILM DEPOSITION METHOD ANDAPPARAT US 

Technical Field 

The present invention relates to fabrication 
processing techniques of semiconductor devices and 



techniques for performing film deposition using fluids 
that have an organic metal as the main component 
( organometallic fluids). 
Background Art 

In recent years, as , improvements in the 
integration and miniaturization of the semiconductor 
device progresses, there has been a steady shift from 
the present sub-half -micron range to the 
sub-quarter-micron range. In this quest to develop 
the next generation of semiconductor devices, film 
deposition techniques are exceedingly important. 

In response to demands for improvements in 
integration and further miniaturization, switching 
from aluminum-based materials to copper-based 
materials being used as interconnective material is 
under consideration. Presently, metalorganic 

chemical vapor deposition (MOCVD) , which is performed 
by vaporizing an organic metal, such as 
{ hf ac ) Cu"^^ ( tmvs ) , which is usually fluid at room 



related devices. 



In particular, it relates to 
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temperature and under normal pressure, introducing 
it to the process chamber, and depositing a film by 
causing a pyrolytie decomposition reaction to occur 
on the wafer being held in said process chamber, is 
put to use. 

Such conventional MOCVD processes thus provide 
superb step coverage and are extremely effective in 
the fabrication of very thin films. However, with 
these MOCVD processes, at times when it is necessary 
to guarantee a sufficient layer thickness, for example 
during the step of filling in contact holes, problems 
such as the lack of efficiency develop. It takes time 
to fill in the hole completely since there is a limit 
to the thickness of the layer which can be accumulated 
during a certain length of time due to the low amounts 
of the organic metal itself existing in the process 
chamber, resulting from the low pressure in the process 
chamber. There is an additional danger of the 
vaporized organic metal reacting inside the supply 
pipeline and clogging the pipes. 

The present invention takes the above 
information into consideration and aims to provide 
a film deposition process and apparatus, which use 
organometallic fluids, wherewith highly effective 
film deposition can be performed without causing 
blockage in the supply pipeline. 
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^ Disclosure of the Invention 

In order to fulfill the objective mentioned above, 
the inventors consi\lered many variables . As a result, 
they found that the pyrolytic decomposition of 

5 organometallic fluid occurs by heating it even if it 

does not vaporize thus resulting in film formation. 
From this, the inventors considered methods of 
applying organometallic fluid while heating the wafer ; 
however, with this method, since pyrolytic 

10 decomposition successively occurs as it is applied, 

they came to the conclusion that it is difficult to 
perform uniform film deposition throughout the wafer . 
The present invention was first formulated based on 
these findings. 

25 Namely, the present invention is characterized 

by a film deposition process comprising a first step 
of preparing a fluid that has organic metal as a main 
component, which deposits a film deposition material 
using pyrolytic decomposition; a second step of 

20 applying the organometallic fluid onto a 

to-be-processed body at a temperature within the 
non-reactive domain of said organic metal; and 
afterwards, a third step of heating the 
to-be-processed body to a predetermined temperature, 

25 and causing pyrolytic decomposition of said organic 

metal throughout the organometallic fluid that is 
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applied onto the to-be-processed body to form a film 
on the to-be-processed body. 

With this metllod, since application is performed 
at a temperature within the non-reactive domain of 
said organic metal, a film deposition material is not 
deposited. Therefore, the application can be 
performed uniformly and horaogenously . In addition, 
pyrolytic decomposition will be performed by itself 
after this so that a stable reaction may be guaranteed 
and a film with uniform thickness and quality may be 
formed . 

It is noted' here that the organometallic fluid 
may comprise solely an organic metal, or it may comprise 
a mixture of an organic metal and a solvent. It is 
also noted that in this specification, 'mixed fluids' 
may refer to cases where the organic metal is completely 
dissolved or it may refer to cases where part of it 
is suspended. Furthermore, 'application' may refer 
to cases where the to-be-processed body is immersed 
into the organometallic fluid, or it may refer to cases 
such as where the organometallic fluid is atomized 
and then applied. 

As for the organic metal, any suitable copper 
diketonate such as ( hf ac ) Cu^^ { tmvs ) or 

( hf ac ) Cu""^ ( teovs ) may be used for copper film 
deposition, and any suitable aliphatic saturated 
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hydrocarbon such as heptadecane, pentadecane, 
hexadecane, or octadecane may be used as the solvent 
thereof. * 

It is preferable that the film deposition 
apparatus used to execute the film deposition method 
above comprise a supply means, which supplies an 
organometallic fluid that has organic metal as a main 
component, for depositing a film deposition material 
using pyrolytic decomposition; an application means, 
which applies an organometallic fluid that is supplied 
from the supply means onto a to-be-processed body; 
and a heating means, which heats the to-be-processed 
body to a predetermined temperature; wherein said 
heating means heats the to-be-processed body after 
the application of organometallic. fluid by the 
application means. 

When separate process chambers are provided for 
the respective application means and heating means, 
an appropriate carrying means may be used to transport 
the to-be-processed body between the two process 
chambers . 

When both the application means and the heating 
means are provided in a single process chamber, a 
transfer means is provided for transferring the 
to-be-processed body from a first area, where 
application is performed by the application means. 
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to a second area, where heating is performed by the 
heating means. 

These and oth^r objects, features and advantages 
of the present invention will become more apparent 
from the following detailed description to those 
skilled in the art, when taken in conjunction with 
the accompanying drawings. 
Brief Description of the Drawings 

Fig. 1 illustrates the constitutional formula 
of <hfac)Cu*^(tmvs) ; 

Fig. 2 is an explanatory diagram that 
schematically illustrates the first embodiment of a 
film deposition apparatus according to the present 
invention; 

Fig. 3 illustrates the reaction equation of the 
pyrolytic decomposition reaction of ( hf ac ) Cu"^^ { tmvs ) ; 

Fig. 4 is a partial cross-sectional view showing 
an outline of an alternative application device for 
the film deposition apparatus in Fig. 2; 

Fig. 5 is a partial cross-sectional view showing 
an outline of a different alternative application 
device for the film deposition apparatus in Fig. 2; 

Fig. 6 is a partial cross-sectional view showing 
an outline of a means of stopping the adhesion of film 
deposition fluid to the beveled portion of the wafer; 

Fig. 7 is a partial cross-sectional view showing 
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an outline of a different means of stopping the adhesion 
of film deposition fluid to the beveled portion of 
the wafer; 

Fig. 8 is a main section oblique perspective view 
showing an outline of yet another alternative 
application device for the film deposition device in 
Fig. 2; 

Fig. 9 is a main section oblique perspective view 
showing an outline of the alternative application 
device in Fig. 8; 

Fig. 10 is a cross-sectional view showing an 
outline of another alternative application device for 
the film deposition device in Fig. 2; 

Fig. 11 is a cross-sectional view of an outline 
of the second embodiment of the film deposition 
apparatus according to the present invention and a 
diagram illustrating the state of the application 
procedure ; 

Fig. 12 is a cross-sectional view showing the 
state of the pyrolytic decomposition procedure for 
the film deposition apparatus shown in Fig- 11; and 

Fig. 13 is a schematic cross-sectional view of 
an alternative second embodiment of the present 
invention . 

Best Mode for Carrying Out the Invention 

In the following, the preferred embodiments 
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according to the present invention will be described 
in detail while referencing the Figures. It is noted 
here that througho*at all of the drawings, the same 
or corresponding parts are labeled with the same 
respective reference numerals and repetitive 
descriptions are omitted. Furthermore, in the 
following embodiments, the case of using 
(hfac)Cu'*"^ (tmvs) , which is an organic metal, as the 
film base material, and forming a thin film of copper 
on the surface of the semiconductor wafer is assumed. 
The constitutional formula of ( hf ac ) Cu*^ ( tmvs ) is 
shown in Fig. 1, and it is in its fluid state in an 
environment of normal pressure at room temperature. 
In addition, the viscosity of ( hf ac ) Cu"^^ ( tmvs ) is low, 
and although it can be applicable for use as it is 
in the present invention to be described below, in 
the following embodiments, it is mixed with an organic 
solvent such as heptadecane to allow for easier 
handling. In the following , the organometallic fluid 
containing this ( hf ac ) Cu^-"- ( tmvs ) is referred to as 
'film deposition fluid'. 

Fig. 2 illustrates the first embodiment of the 
film deposition apparatus according to the present 
invention. Film deposition apparatus 10 shown in the 
figure comprises first process chamber 12, in which 
is performed processing that applies film deposition 
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fluid to the object to be processed, that is, the 
semiconductor wafer W; and second process chamber 14, 
in which is perforihed p'rocessing that pyrolytically 
decomposes the organic metal, or in other words, the 
{ hf ac ) Cu""^ ( tmvs ) on wafer W. 

First process chamber 12 and second process 
chamber 14 are connected through transfer chamber 16, 
which is located between them, and wafer W can be 
transferred between process chambers 12 and 14 using 
an appropriate carrying means ( not shown in the Figure) 
In the Figure, reference numerals 18 and 20 refer to 
the slit valves that open and close the sections between 
transfer chamber 16 and process chambers 12 and 14, 
respectively . 

Turntable 22 is configured inside first process 
chamber 12 to hold semiconductor wafer W. Wafer W is 
mounted horizontally on the upper surface of this 
turntable 22, and is held in place with an appropriate 
holding means such as a vacuum chuck, not shown in 
the Figures. Turntable 22 shown in the Figure has a 
diameter that is smaller than the diameter of wafer 
W, because if the diameter of turntable 22 were larger 
than wafer w, not only would film deposition fluid 
adhere to wafer W, but also to the exposed portions 
of turntable 22, which can have negative repercussions 
for the next wafer W to be processed. In addition. 
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turntable 22 is structured to allow it to be turned 
at relatively high speeds by a drive motor 24, which 
is configured external 'to first process chamber 12 . 

In first process chamber 12, application device 
(application means) 26 is further provided for 
applying film deposition fluid to the surface of wafer 
W. Application device 26 comprises supply pipeline 
30, which introduces film deposition fluid from film 
deposition fluid supply system (supply means) 28 
configured external to first process chamber 12; and 
nozzle 32, which extends horizontally from the upper 
terminal of this supply pipeline 30 and has its end 
facing downward . The main components of supply system 
28 are ( hf ac ) Cu*^ ( tmvs ) source 34; heptadecane source 
36; and mixing device 38, which mixes the fluids from 
sources 34 and 36 to form the film deposition fluid. 
Supply pipeline 30 is configured so that it may be 
rotationally driven both backwards and forwards by 
actuator 40, which may be, for example, a drive motor, 
and because of this nozzle 32 is able to swing about 
the center axis of supply pipeline 30. Since the 
distance from the axis of supply pipeline 30 to the 
end of nozzle 32 is approximately the same as the 
distance from the axis of supply pipeline 30 to the 
rotational center of turntable 22, the tip of nozzle 
32 is able to pass above the exact center of wafer 
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W supported on turntable 22. 

Drainpipe 42 is configured adjacent to turntable 
22. The upper end of 'the fluid receptor of this 
drainpipe 42 is positioned so that when nozzle 32 is 
at its starting position after evacuating from 
turntable 22, it is directly under the end of nozzle 
32. Because of this, any film deposition fluid that 
drips from nozzle 32 can be collected through the 
collection system (not shown in the Figures) in its 
pre-reaction state. There is also a ring-shaped, 
gutter-like member 46 configured around the rim of 
turntable 22. This gutter-like member 46 is used to 
collect film deposition fluid that splashes off wafer 
W. It is preferable to collect and reuse 

( hf ac ) Cu"^^ ( tmvs ) since it is a high cost material. 
Besides this type of collection means, which utilizes 
drain pipe 42 and gutter-like member 46, any number 
of variations of collection means such as forming a 
collection duct in the bottom surface of process 
chamber 12 may also be considered. It is possible to 
then regenerate ( hf ac ) Cu"^^ ( tmvs ) from the collected 
film deposition fluid. In such situations, the 
organic metal may be utilized more economically , which 
contributes to an overall reduction in base material 
costs. Moreover, after collecting the film 

deposition fluid, it is also possible to perform filter 
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ring processing and reusing the film deposition fluid . 

Likewise, turntable 48 is configured in second 
process chamber 14' to Hold wafer W in a manner such 
that it can be rotated. This turntable 48 has 
basically the same mechanism as turntable 22 in first 
process chamber 12, whereby it is rotated by drive 
motor 50 and can hold wafer W in place using an 
applicable means such as a vacuum chuck. However, 
turntable 48 rotates at a slower speed than turntable 
22 in first process chamber 12. In addition, the 
diameter of turntable 48 is made larger than the 
diameter of wafer W. ' This difference is necessary for 
causing a pyrolytic decomposition reaction of the 
organic metal to uniformly occur on the surface of 
wafer W in second process chamber 12. 

Above turntable 48, a plurality of heating lamps 
52, which may be for example halogen lamps, are 
configured placed behind silica glass plate 54 . This 
configuration allows the surface of the wafer W that 
is locked onto turntable 48 to be heated- Temperature 
control is achieved based on the signals output from 
temperature gages (not shown in the Figure) such as 
a thermoelectric couple attached to turntable 48 or 
a pyrometer configured on the ceiling of process 
chamber 14, and is performed by regulating device 56, 
which comprises for example a microcomputer, that 
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turns on and off, or regulates the amount of power 
input to heating lamps 52. 

It is noted hete that in Fig. 2 , reference marker 
58 refers to supply source 58 of a certain inert gas 
such as nitrogen gas, and is configured to supply a 
certain inert gas to first process chamber 12 and second 
process chamber 14, respectively. On each of the 
pipelines from inert gas supply source 58 there are 
configured respective flow regulating valves 60 and 
62. In addition, reference numbers 64 and 66 refer 
to exhaust pumps, which are used to evacuate the 
atmosphere inside process chambers 12 and 14, 
respectively . These exhaust pumps 64 and 66 , together 
with flow regulating valves 60 and 62, are regulated 
by regulating device 56 described above.. Regulating 
device 56, in this first embodiment, further regulates 
drive motors 24 and 50 of turntables 22 and 48 ; swinging 
actuator 40 of nozzle 32; open/close valves 68, 70, 
and 72 and mixing device 38 in film deposition fluid 
supply system 28; andmass f lowrate regulating devices 
74 and 76. 

Next, the procedure will be described for 
performing copper film deposition using film 
deposition apparatus 10 with the structure described 
above. It is noted here that, while not specifically 
stated, the following procedure is automatically 
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performed under the management by regulating device 
56 . 

To begin with; waf fer W is sent into first process 
chamber 12 and wafer W is placed at a predetermined 
position on the upper surface of turntable 22 and locked 
in. At this point, in order to prevent oxidization 
of the surface of wafer W or other reactions from 
happening, it is preferable that an inert gas such 
as nitrogen gas be supplied from inert gas supply source 
58 while driving exhaust pump 64, to form an inert 
gas atmosphere inside of first process chamber 12. 

Next, drive motor 24 is activated causing 
turntable 22 to rotate at a predetermined rotational 
speed and at the same time the end of nozzle 32 is 
positioned directly above the center of wafer W, film 
deposition fluid is poured onto the surface of wafer 
W from film deposition fluid supply system 28 through 
supply pipeline 30 and nozzle 32. Since turntable 22 
is rotating at a relatively high speed, the film 
deposition fluid poured onto wafer W spreads out 
towards its rim due to centrifugal force so that the 
surface of wafer W may be coated with film deposition 
fluid. The rotational speed of turntable 22 is set 
depending on variables such as the viscosity of the 
film deposition fluid and the amount supplied. 
Actuator 40 is then activated and at the same time 
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begins to swing nozzle 32 at an appropriate frequency 
and speed to apply film deposition fluid across the 
entire surface of wafer W with uniform thickness and 
quality . 

When the pressure inside first process chamber 
12 is set higher than normal air pressure, coverage 
is improved by the effects of air pressure forcing 
it in. In cases where filling-in processing is being 
performed, openings such as contact holes and trenches 
formed in the surface of wafer W can be surely filled 
in so that the development of problems such as vacancies 
can be avoided. Moreover, the temperature inside 
first process chamber 12 should be the temperature 
of the organic metal ( hf ac ) Cu^' ( tmvs ) in its 
non-reactive range, and preferably normal room 
temperature . 

A quantity of the film deposition fluid supplied 
to wafer W splatter off from the edge of wafer W due 
to the centrifugal force- As a result, the film 
deposition fluid is not able to travel around onto 
the exposed portion of the underside of wafer W to 
prevent film from being deposited on the undersurf ace 
of the wafer. The formation of film on the underside 
of wafer W can have the undesired effect of causing 
it to be particlized. In addition, since the 
gutter-like member 46 is provided in the first 
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embodiment, the film deposition fluid that has been 
splattered can be collected into the appropriate 
collection system via gutter-like member 46 allowing 
it to be reused. 

Once the application procedure has ended, the 
supply of film deposition fluid is terminated, and 
while the end of nozzle 32 is returned to its original 
position directly over drainpipe 32, the rotation of 
turntable 22 is stopped. There is a possibility that 
film deposition fluid may drip from the end of nozzle 
32; however, such a film deposition fluid will be 
received and collected by fluid receptor 44 of 
drainpipe 42 . 

Next, slit valves 18 and 20 are temporarily opened 
up and using a carrying means .( not shown in the Figure ) 
wafer W is moved from first process chamber 12 to second 
process chamber 14 through transfer chamber 16 , placed 
on turntable 48 in a predetermined position, and locked 
into place. The air inside second process chamber 14 
has already been made into an inert gas atmosphere 
during the application procedure described above, and 
the pressure inside is set higher than normal air 
pressure . It is noted here that by also making an inert 
gas atmosphere inside transfer chamber 16, it is 
possible to perform an entire processing series 
without exposing wafer W to the outside air, thereby 
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preventing harmful influences such as natural 
oxidation . 

Once wafer W has been placed in the predetermined 
position, drive motor 50 is activated causing 
turntable 48 to rotate while also activating heating 
lamps 52 and regulating them to increase the 
temperature of surface of wafer W to a predetermined 
temperature, for example between 150°C and 200°C . 
This causes a pyrolytic decomposition reaction of the 
(hf ac)Cu''^(tmvs) contained in the film deposition 
fluid coating the surface of wafer W, which yields 
the precipitation of a copper film on the surface of 
wafer W. The pyrolytic decomposition reaction of 
(hfac)Cu*^(tmvs) is as shown in Fig. 3. 

During this reaction, the Cu"'^(hfac)2 and tmvs 
that are formed are released out of second process 
chamber 14 by exhaust pump 66 because they change into 
their respective gas state because of the temperature 
inside second process chamber 14 during the pyrolytic 
decomposition reaction. Also due to the temperature, 
the organic solvent heptadecane is evaporated off of 
wafer W and released without leaving a trace. 

As described above, the uniform thickness and 
quality of the layer of film deposition fluid 
throughout the entire surface of wafer W allows the 
copper film being formed to have uniform film thickness 



TMW99-18 



and quality as well. In addition, the fact that 
turntable 48 is rotated allows the unequal 
distribution of temperature resulting from the 
positioning of heating lamps 52 to be prevented, and 
in addition, allows the heat dissipation throughout 
wafer W to become fairly uniform as a result of the 
entire undersurface of wafer W being in contact with 
turntable 48. Accordingly, the pyrolytic 

decomposition reaction can occur uniformly throughout 
the entire wafer surface, further contributing to 
improved uniformity of layer thickness and quality. 
Moreover, in this embodiment, the pressure inside 
second process chamber 14 is higher than normal air 
pressure, which also increases the boiling point of 
the film deposition fluid. As a result, natural 
evaporation from the surface of the film deposition 
fluid during the pyrolytic decomposition reaction is 
inhibited, thus yielding a stable pyrolytic 
decomposition reaction. Once the pyrolytic 

decomposition reaction procedure has ended, wafer w 
is transported out of second process chamber 14 and 
the film deposition process is completed. 

In this manner, by separating the application 
procedure and the pyrolytic decomposition reaction 
procedure, a superb copper thin film may be obtained 
having uniform film thickness and quality throughout 
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its surface in the manner described above; however, 
in addition to this, since the application process 
can be performed at temperatures within the 
non-reactive range, residual film deposition fluid 
may be collected and reused making it economically 
advantageous. Furthermore, since the film deposition 
fluid flows in its fluid form, no actual problems 
related to blockage forming in the supply system 
develops. In addition, the extremely high speed of 
film deposition, compared to the MOCVD process, is 
particularly effective in cases where thicker films 
are used such as during the process of filling holes 
or trenches. 

The first embodiment is described in detail 
above; however, various alternative modifications may 
be performed without deviating from the scope of 
present invention. 

For example, in the above embodiment, nozzle 32 
has a structure allowing it to swing; however, as shown 
in Fig. 4, it may also be moved back and force in a 
straight line using direct movement mechanism 80. 

Furthermore , the film deposition fluid sputtered 
from nozzle 32 may be atomized ( sprayed) . In this case, 
a number of variations can be considered, such as 
providing a means of atomization whereby nozzle 32 
itself is a misting nozzle that injects and splatters 
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a film deposition fluid from tiny holes; providing 
a means of misting whereby a throttle 84 is formed 
inside inert gas ihjection tube 82 and the negative 
pressure formed at this throttle 84 is used to suck 
out the film deposition fluid inside supply pipeline 
86 ; or providing a means whereby film deposition fluid 
is atomized using ultrasonic waves. In cases where 
film deposition fluid is atomized onto the surface 
of wafer W, the surface of the wafer can be effectively 
moistened so that it becomes possible to reduce the 
amount of film deposition fluid supplied. Even in 
cases where wafer W is placed on a fixed susceptor 
without using turntable 22, it is possible to apply 
film deposition fluid with uniform film thickness and 
quality by appropriately scanning wafer W with the 
end of nozzle 32 or inert gas injection pipe 82. It 
is noted here that it also becomes possible to perform 
localized application by injecting film deposition 
fluid without turning wafer W. Namely, the film 
thickness in certain localized portions of the surface 
of wafer W may be changed, or the deposition of film 
in areas such as the beveled portion around the rim 
of wafer W may even be avoided all together. 

Here, another means of preventing film 
deposition fluid from being applied to the beveled 
portion of wafer W will be described. In this beveled 
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portion;- the film is unstable, may easily flake off, 
and increases the probability that it may be 
particlized, whicK is 'why it is preferable to not 
perform film deposition in the beveled portion of wafer 
W. Furthermore, when chemical metal polishing (CMP) 
is performed, it can cause residual dregs to develop 
and in addition, when a point in the beveled portion 
is made the CMP process endpoint, if a film has been 
formed, the endpoint can no longer be the same , becoming 
another reason why film thickness may differ among 
devices. Since there is no film of any other material 
formed at the peak (rim) of the beveled portion, if 
a copper film is formed here then the copper will spread 
into the base (Si) of the silicon wafer W increasing 
the possibility that the characteristics of the 
manufactured semiconductor device will be unstable. 

Fig . 6 shows a means of preventing film deposition 
fluid from adhering to beveled portion Wb of wafer 
W. This means is structure that is built into the film 
deposition apparatus 10 that was described above in 
Fig. 2, and has the structure whereby a ring-shaped 
injection trough or a plurality of injection holes 
88, which inject inert gas uniformly towards the outer 
circumference of wafer W, are formed on the surface 
of the circumference of turntable 22 in first process 
chamber 12. With this type of structure, when inert 
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gas is injected from the ring-shaped injection trough 
or injection holes 88, the inert gas is blown towards 
the outer rim of the underside of wafer W, and a part 
of it travels around beveled portion Wb reaching the 
outer rim of the surface of wafer W- As a result, film 
deposition fluid L on the surface of wafer W does not 
reach the beveled portion Wb, and even if it does reach 
it, it is removed due to the force of the wind. Of 
course, the provision of a separate ring-shaped nozzle 
(the component drawn with the dotted line in Fig. 6) 
exclusively for blowing inert gas around wafer W can 
be considered as a means of blowing inert gas to prevent 
film deposition fluid from adhering to the beveled 
portion Wb . In addition, covering member 92 may be 
configured, as shown Fig. 7, so as to cover the lower 
part of turntable 22, and inert gas blown into beveled 
portion Wb of wafer W through the gas channel which 
is the gap 94 formed between cover component 92 and 
turntable 22, in the same manner as Fig. 6. 

From the viewpoint of preventing film from being 
deposited on beveled portion Wb , it is also acceptable 
to spray a gas that inhibits a pyrolytic decomposition 
reaction from occurring on beveled portion Wb in second 
process chamber 14. The same structure as that shown 
in Fig. 6 and Fig. 7 may be considered as a means of 
spraying such gas. The inventors discovered that when 
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tmvs is sprayed onto the film deposition fluid during 
pyrolytic decomposition, the pyrolytic decomposition 
reaction at that spot is 'inhibited ; however, when tmvs 
is supplied as a reaction suppressing gas, since a 
high density of reaction suppressing gas exists along 
the rim of the underside of wafer W, beveled portion 
Wb, and the rim of the front side, deposition may be 
prevented in those regions. 

Also, variety of forms may be considered for 
application device 26, which is provided in first 
process chamber 12, and is not limited to the nozzle 
{spin coating) or atomized (spray) formats mentioned 
above. For example, application device 126 outlined 
in Fig. 8 employs a roller format. Specifically, this 
application device 126 comprises a sponge roller pad 
100 positioned above turntable 22. Roller pad 100 is 
supported by supporting member 102 at both ends in 
a manner such that it is allowed to roll with its 
rotational axis horizontal. This supporting member 
102 is able to move up and down driven by driving device 
104, which is configured on the ceiling of process 
chamber 12, in a manner that facilitates attachment 
and separation to and from wafer W, which is supported 
by turntable 22 . Supporting member 102 may also be 
moved back and forth horizontally. 

Sputtering pipe 106, which delivers film 
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deposition fluid in order to wet roller pad 100, is 
also attached to supporting member 102. The end of 
this sputtering pi^e lO^S is situated above roller pad 
100, and horizontal portion 107, along which are 
configured a plurality of sputtering outlets, is 
horizontally extended along roller pad 100, running 
along almost its entire length. Consequently, when 
film deposition fluid is poured through the delivery 
outlets of sputtering pipes 106 and 107 from the supply 
system, roller pad 100 becomes fairly evenly wet with 
film deposition fluid. 

With this type of structure, when film deposition 
fluid is applied to wafer W, as film deposition fluid 
is being sputtered continuously or intermittently, 
drive device 104 is activated to lower roller pad 100 
and bring it into contact with wafer W. It is then 
rolled back and forth over the surface of wafer W. 
While this is occurring, turntable 22 begins to rotate 
at a relatively slow speed and film deposition fluid 
is applied to the portion that is in contact with roller 
pad 100. The rotation of turntable 22 and the back 
and forth movement of roller pad 100 are appropriately 
adjusted so that film deposition fluid may be applied 
uniformly to the entire surface of wafer W. In this 
case, since only those portions that come into contact 
with roller pad 100 have been applied, there is little 
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film deposition fluid wasted and thus effective at 
dramatically reducing the amount of fluid spillage. 

Fig. 9 shows*^ another alternative form of the 
application device 126 that is shown in Fig. 8. 
Application device 126 in Fig. 9 is different from 
that shown in Fig. 8 in that it further comprises mask 
108 to prevent application to the no-application areas, 
namely the outer extremities (beveled portion) of 
wafer W. This mask 106 is supported within first 
chamber 12 using support shaft 110- Support shaft 110 
is configured such that it is able to rotate and also 
move up and down. Consequently, by activating drive 
device 112 of support shaft 110, mask 108 can be swung 
into place over wafer W on turntable 22, then lowered 
to adjoin the outer extremities of wafer W making it 
possible to perform masking of those portions . Roller 
pad 100 is thus not able to come into contact with 
the portions that are covered by this mask 108; 
therefore preventing application to those portions . 
It is understood that the mechanism for moving mask 
108 is not limited to the configuration shown in the 
Figure . 

In this manner of application device 126, the 
same results are obtained if, instead of roller pad 
100, a supple brush is used. Alternatively it is 
possible to use as a roller application device a 
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chemical metal polishing (CMP) device (not shown in 
the Figures), which is a device that wets the pad of 
its platen with a "poli'shing slurry, brings it into 
contact with the surface of the wafer, and moves them 
relative to each other, if instead of slurry film 
deposition fluid is supplied for the pad of its platen. 
In current semiconductor manufacturing facilities, 
where multi-stage processing with a plurality of CMP 
devices' is widely used, one of the stages may be 
effectively used as an application device. 

As shown in Fig. 10, an immersion-type device 
may also be used as another, alternative application 
device. Application device 22 6 in Fig - 10 is comprised 
of fluid tank 200, which holds the film deposition 
fluid that is supplied from the supply system 28. 
Wafer W is lowered into fluid tank 200 from above, 
which means that turntable 22, unlike in the above 
embodiment, is configured facing down in order to soak 
the surface of wafer W in the film deposition fluid 
of fluid tank 200, and hangs down from the ceiling 
of process chamber 12 in a manner such that it is able 
to move up and down . Ring-shaped clamp 202 is provided 
on this turntable 22 so that the rim of wafer W may 
be sandwiched in between clamp 202 and the holding 
surface of turntable 22 . If the adhesiveness of clamp 
202 and turntable 22 to wafer W is high enough, then 
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the film deposition fluid is not able to seep into 
the portion that is in contact so that the application 
of film deposition*' fluid to the beveled portion and 
the undersurface of wafer W may be prevented. It is 
noted here that wafer W may be immersed in the film 
deposition fluid by simply being lowered; however, 
since the application or adhesion may not be very 
effective, it is preferable that turntable 22 be 
rotated. In addition, it is possible to improve the 
uniformity of application and filling-in 
characteristics in cases where a wafer support means 
that does not rotate is used instead of turntable 22, 
by causing the wafer support means to vibrate and/or 
the film deposition fluid to vibrate. 

The application characteristics of the film 
deposition fluid to wafer W, such as adhesion or 
penetration, largely depend on the viscosity of the 
film deposition fluid and the base material of the 
under layer; however, in cases where this 
immersion-type application device 226 is used, it is 
possible to effectively apply film deposition fluid 
to the top of wafer W without regard to the dependent 
factors such as viscosity. Furthermore, after wafer 
W is pulled back up, since surplus film deposition 
fluid returns to fluid tank 200, the amount of film 
deposition fluid used may be reduced. 
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The heating means used for causing a pyrolytic 
decomposition reaction to occur in second chamber 14 
is not limited to "heating lamps 52. For example, a 
resistance heater, an induction-heating device, or 
an oil heater may be integrated into the turntable 
that acts as a wafer support means or into the susceptor . 

In the first embodiment and the alternatives 
described above, the application procedure is 
performed in one of the two process chambers 12 and 
14 , and the pyrolytic decomposition reaction procedure 
is performed in the other. Nonetheless, it is also 
possible to perform both of' these procedures 
sequentially in just one chamber. Figs. 11 and 12 are 
schematic diagrams of the second embodiment of a film 
deposition apparatus 300 according to the present 
invention, in which there is only one process chamber. 

In Figs . 11 and 12 , reference numeral 302 denotes 
the process chamber, and on its ceiling there are 
configured a plurality of, for example, halogen 
heating lamps 52. Inside process chamber 302, there 
are configured turntable 22, which is similar to the 
turntable in the first embodiment , and nozzle 32 , which 
is similar to the direct movement-type nozzle that 
injects film deposition fluid as shown in Fig. 4. 
Along the periphery of turntable 22 , ring-shaped wafer 
support 304 is configured having the same axis as 
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turntable 22. This wafer support 304 is moved up and 
down by means of lift mechanism 306 . On wafer support 
304, there is form'^ed concave region 308, which has 
a diameter that is slightly larger than the diameter 
of wafer W, and into this concave region 308, wafer 
W is fitted so as to be held in place. Lift mechanism 
306 is configured in a manner such that it may be rotated 
by a drive motor (not shown in the Figures). Since 
lift mechanism 306 and wafer support 304 are formed 
as a single mass, if lift mechanism 306 is rotated, 
then wafer support 304 is also rotated. The other 
structural components are similar to those shown in 
Fig. 2; as such, they are assigned the same reference 
numerals and their descriptions are omitted here. 

With this type of configuration, to begin with, 
wafer W, which has been carried into process chamber 
302 in the same manner as with the first embodiment, 
is placed on turntable 22 and locked. Next, as 
turntable 22 is being rotated, nozzle 32 and the film 
deposition fluid supply system are activated to apply 
film deposition fluid to the surface of wafer W. At 
this point, wafer support 304 is positioned by lift 
mechanism 306 to be lower than the upper surface of 
turntable 22 (see Fig. 11). 

Once the application of film deposition is 
completed, wafer W is released from being locked onto 
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turntable 22 and wafer support 304 is raised up by 
lift mechanism 30 6 . As a result , as shown in Fig . 12 , 
wafer W is transf e'rred' onto the concave portion of 
wafer support 304, separated from turntable 22, and 
positioned at a location directly below heating lamps 
52. Heating lamps 52 are then illuminated and wafer 
W is heated to cause the pyrolytic decomposition 
reaction to occur throughout the film deposition fluid, 
thus effectively forming a copper film on wafer W. 
While this is occurring, lift mechanism 306 and wafer 
support 304, and accordingly wafer W on top of wafer 
support 304, areall rotated to even out the temperature 
distribution of wafer W, which contributes to the 
uniformity of the film thickness and quality of the 
surface . 

With the embodiment shown in Figs. 11 and 12, 
wafer W is transferred from the application area to 
the heating area by means of lift mechanism 306 and 
wafer support 304 { transfer means ) ; however, if there 
is a sufficient amount of heat radiating from heating 
lamps 52, it may also be feasible to also lock in wafer 
w and not move it from turntable 22 during the pyrolytic 
decomposition reaction. 

As it is conceptually shown in Fig. 13, film 
deposition apparatus 400, which is a similar single 
chamber-type film deposition apparatus capable of 
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performing the two procedures inside a single chamber, 
has an integrated wafer support means 404 such as a 
susceptor, which 'in turn comprises an integrated 
heating means 402 such as a resistance heater. This 
wafer support means 404 employs a configuration 
whereby wafer W may be lifted using lift pin 406, so 
that when wafer W has been lifted by lift pin 406, 
application may be performed using, for example, a 
roller-type application device 126. Then the 
pyrolytic decomposition reaction may be performed once 
wafer W is lowered and supported by wafer support means 
404 . 

In the above, the preferred embodiments of the 
present invention are described in detail; however, 
it is understood that the present invention is not 
limited to the various examples mentioned above. For 
example, in the above examples, film deposition fluid 
is fluid containing a mixture of a copper diketonate 
such as ( hf ac ) Cu*^ ( tmvs ) and or an aliphatic saturated 
hydrocarbon such as heptadecane; however, it is also 
feasible to have the organic metal be another copper 
diketonate such as ( hf ac ) Cu"^""' ( teovs ) , or any other 
suitable organic metal. In addition, as the organic 
solvent for the copper diketonate, another aliphatic 
saturated hydrocarbon such as pentadecane, hexadecane, 
or octadecane may be used, and for organic metals 
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besides copper diketonate, any other appropriate 
solvent may be used. Furthermore, as described above , 
the film deposition fluid may include only the organic 
metal . 

Industrial Applicability 

As described above, according to the present 
invention, the application procedure of applying 
organometallic fluid (film deposition fluid) to a 
wafer, and the pyrolytic decomposition procedure of 
causing a pyrolytic decomposition reaction of the 
organic metal in the applied film deposition fluid 
are performed separately so that film deposition fluid 
may be applied having uniform film thickness and 
quality within the wafer. Also, by adding heat in a 
later step, a thin film having superior film thickness 
and quality throughout its entirety may be formed. 

When the present invention is put to use in 
semiconductor device manufacturing, since thin films 
having superior film thickness and quality within the 
wafer may be effectively formed, it is possible to 
produce a high quality semiconductor device. 

Furthermore, with the present invention, film 
deposition fluid is used in its liquid form; therefore, 
the efficiency of film deposition is far more superior 
than CVD processes, and particularly more effective 
for implantation processes. Still further, it is 
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effective in that problems such as pipelines in the 
film deposition fluid supply system becoming clogged 
are virtually eliminated. 
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CLAIMS 

1. A film deposition method comprising: 

a first step of preparing a fluid that has organic 
metal as a main component which precipitates a film 
deposition material using pyrolytic decomposition; 

a second step of applying said fluid onto a 
to-be-processed body at a temperature within the 
non-reactive range of said organic metal; 

a third step of heating said to-be-processed body 
to a predetermined temperature, and causing a 
pyrolytic decomposition reaction of said organic metal 
throughout said fluid that is applied onto said 
to-be-processed body to occur to form a film on said 
to-be-processed body. 

2. The film deposition method mentioned in Claim 1, 
wherein said fluid comprises only said organic metal. 

3. The film deposition method mentioned in Claim 1, 
wherein said organic metal is a copper diketonate and 
copper is deposited as a film. 

4. The film deposition method mentioned in Claim 1, 
wherein said fluid comprises a fluid that is a mixture 
of said organic metal and a solvent thereof. 

5. The film deposition method mentioned in Claim 4, 
wherein said organic metal is a copper diketonate, 
said solvent is an aliphatic saturated hydrocarbon, 
and copper is deposited as a film. 
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6. The film deposition method mentioned in Claim 1, 
wherein said to-be-processed body is a semiconductor 
wafer. 

7. A film deposition apparatus comprising: 

a supply means, which supplies an organometallic 
fluid that has organic metal as a main component that 
precipitates a film deposition material through a 
pyrolytic decomposition reaction; 

an application means, which applies an 
organometallic fluid that is supplied from said supply 
means onto a to-be-processed body; and 

a heating means, which heats a to-be-processed 
body to a predetermined temperature; 

wherein^saJ.d^h^es'ting means heats the to-be-processed 



body af-ter the application of organometallic fluid 
by said application means. 

8. The film deposition apparatus mentioned in Claim 
7, comprising: 

a first process chamber, which is provided inside 
said application means; 

a second process chamber, which is provided 
inside said heating means; and 

a carrying means, which transports the 
to-be-processed body from said first process chamber 
to said second process chamber. 

9 . The film deposition apparatus mentioned in Claim 
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1 , comprising a single process chamber wherein said 
application means and said heating means are provided. 
10. The film deposition apparatus mentioned in Claim 
9, comprising a transfer means, which transfers a 
to-be-processed body from a first area to a second 
area, wherein, said first area, in which application 
using said application means is performed, and said 
second area, in which heating using said heating means 
is performed, are provided inside said process 
chamber . 
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ABSTRACT 

In the film deposition method of the present 
invention, an organometallic fluid, which has an 
organic metal such as a copper diketonate as its main 
component, and which precipitates film deposition 
material through a pyrolytic decomposed reaction, is 
first prepared; and the organometallic fluid is then 
applied onto a semiconductor wafer at a certain 
temperature within the non-reactive range of the 
organic metal. Afterwards, the wafer is heated to a 
predetermined temperature, the organic metal within 
the organometallic fluid that is applied onto the wafer 
is pyrolytically decomposed, and film is formed on 
the wafer. With this method, since application is 
performed at a temperature within the non-reactive 
range of the organic metal, deposition of the film 
does not occur, allowing uniform and homogenous 
application to be performed. Also, since pyrolytic 
decomposition is performed separately in a later 
process, a stable reaction may be assured, so that 
a film of uniform thickness and quality may be 
deposited . 
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designated at least one country other than the United States, fisted below and have ajso identified below, by 
checking the box, any foreign application for patent or inventor's certificate, or PCT International appBcation 
having a filing date before that of the application on which priority is claimed. 

PRIOR FOReiSN APPLICATIONS, BENEFIT CLAIMED UNDER 35 USC §1 19(a) 
P1998-3086S4 Japan 29/ Oetotter / 1998 Hy^s 



jNo 

J Yes (jNo 
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) hei'Vby ciat'm Uie benefft under Title 35, United States Code. Secflon 119(e) of any UnPtcd States provfeional 
applicati"on(E) lisxed below. 

PRIOR U.S. PROVISIONAL APPLICATIONS. BENEFIT CLAIMED UNDER 35 USC §1 ig(e) 



(Application No.) (Filing Date) (Application No.) (Filing Date) 



(Application No.) (Filing Date) (Application No.) (Ff/ing Date) 

I hereby daim th* benefrt of TWe 35, United States Code Section 120 of any United States application(s), or 
365(e) of any POT International application designating the United States, listed below and, insofar as tha 
subject matter of each of the claims of this application is not disclosed in the prior United States or PCT 
International application in the manner provided by the first paragraph of Tit[s 35, United States Code Section 
1 12, 1 acknowledge the duty to disclose informrt'on which is maierfal to patentability as defined in Title 37, 
Code of Federal Regulations, Section 1 .56 which became available between the riling date of the prior 
application and tne nationaf or PCT International fifing dale of this application: 

PRIOR U.S. APPLICATIONS OR PCT INTERNATIONAL APPLICATIONS 
DESIGNATING THE U.S., BENEFIT CUMMED UNDER 35 USC §120 

PCT/JP99/06032 October 29, 1999 Pendir>g 

(Applioation No.) (Filing Date) (Status: Patented. Pending, Abandoned) 



(Application No.) (Filing Date) (Status: Patenrod, Pending, Abandoned) 

POWER OF ATTORNEY: As a named inventor, 1 hereby appoint the registered practitioners of 
MCDERMOTT, W|LL & EMERY included in the Customer Number provided below to prosecute this 
application and transact all businesa in The Patent and Trademark Office connected therewfth. 



Customer NumlJer 20277 



Send Correopondonce to: Customer Number 20277 
MCDERMOTT, WILL & EMERY 



600 13TH STREET, N.W. 
WASHINGTON. D.C. 20006-3096 
Direct Telephone Calls to: 202-756-8000 
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! hereby decJam that a{l statements mads herein of my own kno<Medgs are eras and that ail sTatements made 
on inTormatton and belief are believed lo be Xnie; and further ihat these staJoments were made with the 
•knowledge that wiltful faJee statements and the like so made are punlshabla by fine or fmprisonmeint, or both, 
unde^Section 1001 of Fltle 18 of the United States Code and that such wilJful false staiemenis may jeopardko 
the valtdfty of the a|3plication or any patent issuing thereon. 



Fu^ Kama of sole or ISrst invortar 

YulchiWADA 


lrvi«ntor'« slgnasure 


Dan. 




Rasiderce ' 

)sl«f)ta-ahi Cniba. Japan 


Japan 


e/o PippHeri IMferials Japan, Ire,, 






14-3, Shinucumi, 

Nartta-sh'^ Chlba 28e*Sl 6 Japan 






Full Nam* aecxnd JdM sivcntci. ff aoy 

HlroyuW YARITA 




Narfta^i, Chiba, Japan 


ati3»03hip , 

Japan 


Post offics addresa 

cfo AppSM UatGriaJs iapw, inc.. 






l-ha.Shinauml. 

Narfta-ahi Chlha 28S-K16 Japan 






Full Name Oilrt joinl inventor, tl any 

HisashI AJOA 


iWrd InvBoturs signature 






Rssltlencs 

Narlta-shi. Chiba. Japan 


Japan 


Paas uffKe Bddreas 

c/o ApplM MBieriate Japan, Inc., 






14~3, Shinizumi, 

Narita-shi, Chlba 266-851 6 Japan 






run Narne fourth jtsnt Inventor, If any 

Naomi YOSHfOA 


Founn in^cntex's «lgna<urB 
.xr^^t^rjm^ 


Dale 




Nante-shi, Chiba, Japan "'^-fA, 


Japan 


Post ottlca oidrBss 

cfo nppttea MaEtnls Japan. Inc., 






Shinizumi, 
Narita-ah'^ Chiba 286-8516 Japan 
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